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(54) MULTICARRIER CDMA RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a multicarrier 
CDMA receiver capable of keeping a reception signal 
quality and the accuracy of data demodulation in an 
excellent state even when fluctuations due to a 
frequency selective fading are fast. 
SOLUTION: This multicarrier CDMA receiver is provided 
with a first channel estimate section 103 and a second 
channel estimate section 104. The first channel estimate 
section 103 calculates a channel estimate after an 
interpolation in unit of subcarrier signal by using common 
pilot symbol of continuous plural slots, moreover, 
calculates the channel estimate after averaging in the 
direction of the frequency by averaging the channel 
estimate after the interpolation of each of subcarrier in 
the direction of the frequency. The second channel estimate section 104 calculates the 
channel estimate value corresponding to the number of repetition based on the data 
sequence applied re-decoding, re-modulating, and re-spreading processing to the decision 
data after error correction, each subcarrier signal after the channel fluctuation compensation, 
and the channel estimate. 
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m n (q,k) = E n *(q)/F n (q) (17) 

[0064] -tO^L Sttftl 105-1 — 105 - mVl 

il Oil L?-^*/Wi£*fr 3 SilfWt. 3«f 

■^ftail 14, B^IWSPl l 5, Steffi l 6fc:J:«. 

JKHSfrW 5$ ( 1 3 ) , (14), (15), (1 
6 ) , (17) Srffl^T^-^^^tWiMS^ffai-f- 

[00 6 5] J2U:<0 «£ 3 ^SIJfiO^KSfcfc^Tii, 

U 2 X o -y h ^CO^M^ uwhzm 

^x — mmzfi o & -* * 15jhi tzfi v \ * 
ut. a*:. 2 0gi.m^^^;kfssa. as 9 ma* 

•hmmm.) tm^ffdm&tLti. ^lt. 20 



•v £ ft S i < fflfltt Sit ISfcft. 

[0 0 6 6] §£>fc, ^t*«JBttt=*i^Tli, 2®a 
Sfli^ci:L3t, CiXtiO. MM S E (Minimum Mean S 



quare Error) S^C^-sTitfiKi^O^-Jt^IISrfi 5 <1 

l t ss^ w-^t ^mm-r^m^^^xmmLtzifi, 

[0068] m$fccr>BM2 . li^ii^^V/Pf^t 
U TC DM ASftSHli „ turMOllJfiO^ffi 1 0y?)V+ 
=3f^UTCDMAgft^atJt^LT. Sl2Wf-^^ 

tsiio4«i#^i,. mmmmi 

tm i j:hW.2^^^>vm.'^l 0 4Oijj^^. HIS: 

[0069] #Hi£C9ff^§^V^f-^ A- U7CD MAS 
fI^atC^(t-S. 2Il£lBWf^ ^A^ifeTIi, n 

^tWU-CSSdH^ffa. BKM1 1 6T" 

( i ) **«>4. fc^fL, nli^y^-^UTS-^S- 
SL, q (q = 2, 3, ■■■) J4«>5iELiR*fE'r. 
[ 0 0 7 0 ] ort. ^2 cJOf-^r ^/Ht^SP 1 0 4 T" 

i±, T-^5(wi«flafstMi*„. ( i ) ^^rjEt-ss 

fix— ^^V-^/t- ( tJlllO-f-v ^Jt^t J: -g>^7"^f-v 
UT#fiO^^^;^Wiffi«fS:^fI^S n (k) ) tSt 

L^y^-v U Tt$co^- *JUm%M<7)1&ffl1&%: JUS 
U N d / N b ytf/umizhfz -o x Bt^T^fa * 3T m-f 
SrktciO W(18) #M) . *9«URqtf)#£ 

fcfcttS^y^f^ U Ttt«^-V^Jft5gffiU n! h ( q ) 

[0071] 
[»18] 
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U„, h (q) = (l/(N a /N b )) 

Nd/Nbrt 



fNO-rl \ 

£|v„(N d /N„ - h + k)| + S n (N d /N„ • h + k)*„„*(N d /N„-h + k)J 



L=0 



(18) 



[00 72] £rfc . hiiy-xn -y ( h = 0 , 1 , n , h ( q ) tZjfrtZ 2^%fflR n , h ( q ) Sr 

2, -, N b -1 ) S&fc, iM(19) ti [0 0 7 3] 

>/\ Hn#a<W/**yT^f-**/l'ft£«U [El 9] 
R nh (q) = (l/(N d /N b )) 

£ V^N d /N b h + k)| + S n (N d /N b h + k)<|» n , q '(N d /N s ,.h + k) (19) 

. k=0 J 



(20) (cj; OKtH-r-So 
[007 5] 

[»2 0] 



[0074] Ol't, l|20^ J r^;PJt^f|il 04t 
n ,h (q) mWt-?&N avg fflW7*r*VTfrt>M& 

rtassfcfTW *0jil»cj& s 2efb (q = 2) ja»<z>ja 

E*,h(q) = l/(n + N mB + 1) Xu jh (q),(n < N^) 

j-0 
n 4 Nov g 

E nh (q) = 1/(2N„ + 1) IXntqUN^ <; n <; N c - N.„) 

j=n-Navg 

Nc-1 

E nh (q) = l/((N c -n)+N^) £U jJl (q),(n >N C -N^) (20) 

j=n Na\^ 

[00 7 6] ttz. af2^f-r*/WtS9Il 0 4"Ctt, 
_hlEH n # g O-f y U T W 2 3t¥%ffi R„, h ( q > 
fc , BHW* N awg «W^7'^+ 'J T*»&*ai3*Ufc 2 

v\ *"3>iUR* t 2Bia (q = 2) imnmmtfjfaw- 

n t-Nav g 

P n ,h(q) - l/(n + + 1) $X h (q),(n < N„ ¥ ) 

j-0 
a +NaN -g 

F„ h (q) - 1/(2N„ ¥ + 1) X R j.u(q).(N„ ¥ ^ n < N £ -N B1 ) 

j=n-Navg 

Nc-1 

F nh (q) = l/((N (: -n) + N^) ^XhtaM^N^N^) (21) 

j=n-Navg 



%ffc£l23l¥%ffiF n , h ( q ) £ife£ (21) fci D 

[0077] 

[R2 1 ] 



[0 0 7 8] -f LT. SS 2 *A-Jijg»l 0 4t 

I1S(20) (21) T-^m£^JS$«[W£rf[; 

«ffim n , h ( q , i ) (22) fcfl!V«aj-r* . 

"C*£. *Jfc, i 140, 1, 2, N d /N b -ltib 

[00 79] 
[1*2 2] 



m n , h (q,i)=E nh -(q)/F ii . h (q) (22) 



[0080] Oft, mW$w 105-1 — 10 5 -mt 

(4. ±fE^*/tMffiHiffim n , h (q, i ) 

t , ^ y ^ u r ft t - v */i^i&<os« £ fi 1 a . £ <r 

JttW* =t 3 C S n ( k ) 

^M(23) Sffl^-CJtaj^S . fc*£U Z n (k) 

is^ n # a coif r# u r p<o k # a osfi ^ > £ 

[0081] 
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[»2 3] 

S.,(k) = z n (k)m Ii ;(q,i) (23) 

[0082] lZl±.<7)i. o £ s *WfiC0^HS^fe^T(i, 

com. ^^*>vmh?tmmt&m$Lh ztuzz 

[0083] MMC0WM3 . H3{±, *fKBfc:*»*»4'7 

t'JTCDM AgftSa^HM^ffM 3 tOfSfiSiS: 
*-TllT*-S»<, H3tfc^T. 4 0 2t±^ J r*/Mi5eii 
X'h *) , 4 0 3 MUlOf^ */Hi50Blll£fi : "5SS 1<7) 
*/Mt5ggPT"£> 0 . 4 0 4 (i 2 0 @ £JM<7)i--r 

m^.m^nom2cr,^^^)mm.3Th y ) . 405- 

1 , — , 405-1, 407-1, 407-1, 4 
09-1, 409-1, 411-1, 411- 

[0084] *HJi^eOV;^^-v 'J TC DM AS 

t v ^ . i i -c{± » mmmm ltm^zmmz^^x 

[0085] iii»jl«»±T«il38aBRtt7 

SfcOiWfcSeWfcfi^&WI LfcG I lOOt 

o^ft-f-Sr^^-rs. ore, f ft i o l-m, 7- 

[0086] SI3r£§4 05-1—405-1, 407- 

i—407-i -m. sttffio/i-tf 'j rm^zn 

L/C, **L<NlSfJW-4a£tfe3-K#0~ #SF- 1£ 

sur <3£fifets:> -$-4. si^405-im 

0 5- 1 . 407-1—407-1 CDftTJJi. 3BHj£# 

[0087] Stmt§4 09-1—409-1, 41 1- 
1—411-1 T'{±. SOTXo7t-tf7^-vUTW5cO^ 
MS#tf>m#fc*f L"C ■f-<v */]✓£»«« * ff 3 . 

[0088] 4fc, 20glill^ (q = 2) co^Oiit^ 

4 0 2fc*fl/Cffl:fr$-S. 

[0089] JjLhcoi d fc. *H*tOff^tfc^T{i. 



(C ^^HS^£?TdflifiJct Lit. ■Itifc.fcOs 2 0 

[0090] MMCWM4 . lI«il4(Ov;l/f^ft 
U rc DM A^fl^STIi. H 1 <?>f-r*;Mi^» l 0 

3i)\ mmcDsuu-y hi-ytf^zm^^x^^fi' 
mmiffd, *mmmmx*i±. mzmmhtzm 
mmm 1 tm%&m 1 ^wtsat 103 <oiw^ 

[009 1 3 S1 cOf-^^/HSSSHJ 10 3 Tti. 

^eS^v^T^)jS:§ti-i>^ j r^;i'SSIiP n , 1 , p n , 2^ 

ftjgffiv, (k) j± s r-^af^^v^HRSNjfc-r 

S fc , <fcf^ ( 2 4 ) t i Dfftii§3fx-g> ( kJi-r-^SMJ- 

[0092] 
[Sfe2 4] 

V n {k) = p nl Q 1 (k/N J ) + p n2 Q 2 (k/N lI ) (24) 

[0 09 3] fc^fL, k = 0, 1, 2, N d — 1 T 
* 0 . Qi , Qili^ft-Wlifc* (25) T'^JlSnS . 
[0094] 
[125] 

Q,(k/N d ) = l 
Q 2 (k/N d ) = 0 (25) 

[009 5] ia±oi 5 fc, ^QtfWKIIIfctiV^tt, 
[0096] mfc^MM 5 . Wfcay&M 5 co v/^df -v 

UTCDMAgftSBT'Ji, miO^-v^PffiSgPlO 

3*\ nfl»AMn7 hi^y^Sr^-fbLT-f 
ffi.<r>m& \hW£hW.\ 10 3 coSW^ 

[0097] HI C0^- ^/Ixft^SE 103 Tti. -^^"^ 
n . 1. p., 2 ^ffl^T. jfffttl,xn7 bt^tLT— ^ 

S^^^ffiSfflv n (k) li, T-^aP5N0^y»K 
;HtSrN d i:^l.i:. ifc* ( 2 6 ) t «t Dficm$ti£ 
(k(±r : -^SP^O^>'^#-f-) . 
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[00 98] 
[12 6] 

V B (k) = p n , 1 Q 1 (k/N d ) + p I1>2 Q 2 (k/N d ) (26) 

[0 0 9 9] tztzL. k = 0, 1, 2, N d -lt' 
h 0 , Qi , Q 2 ii^ft^tUja£ (27) T'^Jg^tll. . 
[0100] 
[12 7] 

Q 1 (k/N d ) = 0.5 
Q 2 (k/N d ) = 0.5 (27) 

[0101] Jilho X d tc, *IW?S(3^T(i, 

[0102] 

* ffl ^ t -??3tiBi & fi 1 o i~ * */Hftse * ttig fcff v ^ * 
fctfc. 2iaajaB«o^*;wiSJ±, route 

^*>»gffl) k, Sffl^TtfaSlSkUft. -etr. 2 
«t 4 f - ^ *;i^aB1Mrflfewafi'r — * 5" V#/U=*f LT 
f-v */lM£»JS «£ < MIlM> <! k H 

[0103] o|f<?5SMBt i*UT , 2BIBJSWW)f-^* 

*;HS£ffik 23B :s F%fikS:fflV^TfftfJ-rS»JSk L 
Jto itltiD. MM S E (Minimum Mean Square Erro 

r ) mmizfc o TimtfccoilrJ&MS o z k 
[0104] oycoJMBfc , 2 [5] gmo^* 

/L-ftJEtCfe^T. r— ^a'Vtf/l'^fcWR^T'n -y ? 

if h ^mvmm * wy £ t h z. t &-c * * a. #> . 7 x - 



[0105] o^lft J;tUi\ Xn >y h<7)gygPW^ 
-f n -y h i/ytf/vcoX-T-J-^^VffifeZfto £ k k L£ 
Tt:^. xn -y Ntf^ftfBtc^^ n >y hisytfMfitttRZti 
X V ^V^-^-T'fc otii, WmX < y x - i/y^'C «£ ^> 

[0106] ■or<?5f|HBfc iix(i\ Sfifl-^-^^/P^^ 
fStffiT I/O *S WfefD) ^oyly 

flbfi t tfc fc*, ft* J: < 7 x - i * f-r 

[0107] orosiBj^i;ix{f s waai&istjaiaeDft: 
t^^ii^ *b&-t s ; k h , k v ^ s&a^s-r-s. . 

[01] ^BB-^-i.^^-vUTCDMA^fi 

saonss^^i, 2, 4*3j:tJ f 5£o^fjs**-rEi"c 

[02] iifixn-y Yoyyir— v>y he?)— MSr^^lM 
[03] ^f6BJ!(C^&V/l^^'JTCDMASfi 

[04] v/^^f^UTCDMAill'fiSIMcolf^S:^ 
1T0T-&&. 

[05] ^*C7)iMfIXO-y b«7^-v-y hSr^0 

[06] tSaW5V;^^f^ UTCDMAgft^«^« 
^^^■f-0T'fe§. 

[07 ] mmmtm? ^- : J>7'im$%^ vnn, 

100 yav?— (g 1 ) 101 

F FT, 1 0 2, 40 2 f-r ^^Jt^SP. 10 3, 4 

0 3 ^lCDf-^^JftSgP, 1 04, 404®2C0f 
^^•/VJtSgP, 1 0 5- 1, 1 0 5-m, 107-1, 
107-m, 405-1, 405-1, 407-1, 4 
07-1, 409-1, 409-1, 411-1, 41 

i-i m%%s. 109-1, 109-n ^mk, 1 

1 \>^V)V/^VT)V$mffl>. 1 1 2 r-^miil 

*, 113 a-^as. 1 1 4B»^«, us 
mm. 1 1 6 BKSfcai. 
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